Background: Bariatric surgery is considered to be the most effective method of weight loss today. The aim of the present Swedish study, which was performed in a country that has universal health care, was to investigate if there is an association between socioeconomic factors and bariatric surgery by taking body mass index (BMI) into account. Methods: In this prospective cohort study, BMI data were collected for the period 1985-2010 from the Military Service Conscription Register (for men) and from the Medical Birth Register in the first trimester (for women). The follow-up period started in 2005 and continued until 2012. Age-standardized cumulative incidence rates (CR) of bariatric surgery were compared between different BMI groups by considering individual variables. We analyzed the association between the individual variables and bariatric surgery using Cox proportional hazard models. Results: In the study population of 814,703 women and 787,027 men, a total of 7433 women and 1961 men underwent bariatric surgery. In women, the hazard ratios (HRs) for bariatric surgery were higher for low and middle income and educational levels, compared to high income and educational levels. In men, the highest HR for bariatric surgery was found among those with a high income. The HRs when comparing the different socioeconomic groups in those with BMI > 40 kg/m 2 showed no significant results, except for middle education in women.
Conclusion: Differences in bariatric surgery between socioeconomic groups were found, favoring those with a low socioeconomic status. However, very few socioeconomic differences were found amongst those who had a BMI > 40 kg/m 2 . This indicates that the Swedish healthcare system seems to have achieved equal access to health care for bariatric surgery.
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Background
Obesity, defined as having a body mass index (BMI) of 30 kg/m 2 and over, is one of the major modifiable causes of preventable death in the developed world [1, 2] . Conventional interventions for weight loss, such as lifestyle modifications (healthy diet and exercise), have often been ineffective in maintaining a sustained weight loss, particularly in individuals with severe obesity (BMI ≥ 40 kg /m 2 ) [3] . Due to the enormous clinical burden and ineffectiveness of conventional interventions against obesity [4, 5] , it has been highly needed to develop innovative and cost-effective strategies for the treatment of obesity. Today, bariatric surgery is considered to be the most effective strategy to achieve both sustained weight loss and significant improvements in obesity-related comorbidities and quality of life as well as a reduction in mortality in individuals with obesity. Bariatric surgery has also been proven to be cost-effective [6] [7] [8] .
The utilization of bariatric surgery has increased worldwide due to both an increasing incidence of sever obesity and the expanding evidence of the beneficial effects of surgery [9] . In Sweden, there has been a large increase in bariatric surgery after 2005 [10] , presumably in response to a report from the Swedish Council on Technology Assessment in Health Care [11] and the Swedish Obese Subjects study [12] . In Sweden, individuals are eligible for bariatric surgery if they are refractory to nonsurgical therapy and have severe obesity or a BMI ≥ 35 kg/m 2 in addition to a major obesity-related comorbidity [13] (the same criteria as those from the National Institutes of Health) [9, 14] .
In countries that have private health insurance (e.g. USA), socioeconomic factors may significantly influence which individuals receive bariatric surgery despite medical eligibility [15] . Sweden has a universal healthcare insurance system, which means that financial resources should not be a barrier for obesity surgery. According to Swedish law, the tax-financed health care service should be provided on equal terms for the entire population and those who are in the greatest need of health care should be prioritized [16] . In a previous study of ours, however, we found that individuals with a low socioeconomic status underwent bariatric surgery to a lower extent than those with a higher socioeconomic status [10] . This is despite the higher rates of obesity being among individuals with a low socioeconomic status. However, we did not have access to BMI data in our previous study. In the present study, we have access to individual BMI data from two different nationwide registers for men and women. The aim of the present study was to investigate whether differences in the access to bariatric surgery exist for different socioeconomic groups after accounting for BMI. To the authors' knowledge, this is the first nationwide study examining potential socioeconomic differences in the access to bariatric surgery after having taken BMI into account.
Methods
Data sources
Data used in this study were obtained from nationwide registers [17, 18] . The Swedish Medical Birth Register, which is a register of all pregnancies, prenatal care and birth records for all mothers and children in Sweden since 1973, was used to obtain information about women's weight, height and BMI. A pregnant woman's first contact with the health care service is during the first trimester.
The Military Conscription Register, which includes a structured and standardized medical assessment of all Swedish men since 1969, was used to obtain information about men's weight, height and BMI. Men of foreign citizenship and those with a severe disability were excluded from military service. The Total Population Register, maintained by Statistics Sweden, the Swedish government-owned census bureau, was used to obtain the demographic and socioeconomic variables. Additional linkages in the database included data from the National Cause of Death Register and the Immigration Register (to identify dates of immigration and/or emigration). Information about surgical procedures were obtained from the Individuals whose BMI was assessed after the obesity surgery Men younger than 18 and older than 27 years at baseline (based on the age distribution of those conscripted) Women younger than 18 and older than 39 years at baseline (based on the age distribution of women in the study population)
The final study populations were 814,703 for women and 787,027 for men. Only individuals whose BMI was measured during the period 1985-2010 were included. The follow-up period started on January 1, 2005, and proceeded until first hospitalization for bariatric surgery, death, emigration, or the end of the study period on December 31, 2012.
Outcome variable
We used the Swedish Inpatient Register to identify those who had undergone bariatric surgery. The Swedish Classification of Operations and Major Procedures was used to identify patients undergoing bariatric surgery: gastroplasty (JDF00-JDF21), gastric bypass (JDF10-JDF-11) and gastric banding (JDF20-JDF21). Since there was a large increase in the number of bariatric surgery procedures after 2005 [10] , we used the period between 2005 and 2012 to determine the number of procedures.
Individual variables Sex
Men and women
Age
For men, we included the 98% of men who were aged between 18 and 27 years at the time of conscription of whom 96.5% were 18-20 years old. For women, we included the 98% of women who were aged between 18 and 39 years (i.e., women in childbearing ages). The birth years were 1958-1989 for men and 1950-1989 for women.
Family income
Family income was calculated at start of follow up, 2005, as annual family income divided by the number of members in the family. The income calculation was weighted, taking the ages of the family members into account. For example, children were given lower consumption weights than adults. The calculation was performed as follows: the sum of all family members' incomes was multiplied by the individual's consumption weight divided by the family members' total consumption weight [19] . The final variable was calculated as empirical quartiles from the distribution [20] and classified as low, middle-low, middle-high, and high. In our previous study [10] , there was an overlap between the middle-low and middle-high income groups. As a result of this, we combined these two groups to create one middle-income group, which consisted of 50% of the population.
Educational Attainment
Educational attainment was classified as follows:
I. Low: completion of compulsory school or less (≤ 9 years) II. Intermediate: completed or partial high school (10-12 years) III. High: college and/or university (> 12 years) Employment was defined as yes or no. Marital status was classified as married/cohabiting or single (defined as unmarried, divorced or widowed).
BMI
Body mass index (BMI) is a simple index of weight-for-height, which is commonly used to classify overweight and obesity in adults. It is defined as a person's weight in kilograms divided by the square of the person's height in meters (kg/m 2 ) [21] . We divided the population in the following BMI groups according to the WHO classification: Criteria for obesity surgery in Sweden is chronic (> 5 year) obesity class III (BMI ≥ 40 kg/m 2 ) or chronic obesity class II and at least one obesity comorbidity, e.g. sleep apnea, diabetes type II.
For men, the time point for the BMI calculation was at conscription for military service. For women, the time point was at the first contact with a maternity clinic during their first pregnancy. There is a time lag between the BMI measurement and obesity surgery. This time lag can lead to changes in BMI. This is probably the explanation why some individuals with normal BMI or BMI 25-29 kg/m 2 at baseline have undergone surgery later. Outliers were judged to be incorrect measures and were excluded.
Statistical analysis
All statistical analyses were performed using STATA version 14.1. Age-standardized cumulative incidence rates (CR) of bariatric surgery were compared between different BMI groups considering the other individual variables. Age was standardized according to the age in the study population. A p value of <.05 was considered statistically significant. Estimates were calculated based on a 95% confidence interval (CI).
The associations between the individual variables and bariatric surgery were analyzed with Cox proportional hazards models. Cox proportional hazard models were used to study the association between certain events (in this case bariatric surgery) and the time it takes for this event to occur. In this study, the time period started on January 1, 2005, and proceeded until first hospitalization for bariatric surgery, death, emigration, or the end of the study period on December 31, 2012.
Both a univariate, adjusted for BMI and a multivariate Cox regression model including all variables were calculated.
Interaction tests were performed in order to examine whether the association between BMI and surgery was affected by any of the individual characteristics. Tables 1 and 2 show the female (n = 814,703) and male (n = 787,027) study population included in the study. A total of 7433 women and 1961 men underwent bariatric surgery between 2005 and 2012. Among both women and men, the prevalence of individuals with high income, high education, employment and who were married/cohabiting was highest in the group with BMI < 25 kg/m 2 , whereas the prevalence of individuals with low income, low education, no employment and who were single were highest in the groups with BMI 30-39 kg/m 2 and ≥ 40 kg/m 2 . The age-adjusted cumulative rates of bariatric surgery for the different BMI groups and by individual characteristics are presented in Table 3 (women) and Table 4 (men). The highest rates are underlined and in bold. The unadjusted rates of bariatric surgery are presented in Additional files 1 and 2: Tables S1a and S1b. Table 5 shows hazard ratios (HRs) for bariatric surgery in the women and men, respectively, by the individual characteristics in three different models, where model 1 is univariate, model 2 is adjusted for BMI and model 3 is multivariate (adjusted for all the included variables, i.e. BMI, income, education, employment and marital status). In women, the HRs for bariatric surgery were higher for low and middle levels of income and education compared to high income and educational levels. The HRs were also higher for those who were employed and/or were married/cohabiting. In men, low and middle family income was associated with higher HRs only in model 1. After controlling for the other individual factors, the highest HR for bariatric surgery was found among those with a high income. Low and middle levels of education were strongly associated with bariatric surgery; e.g. the HR was 2.6 [95% CI: 2.4-2.9] for a middle educational level. As in women, the highest HRs were found in those who were employed and/or were married/cohabiting.
Results
We estimated the HRs for the different individual characteristics stratified by BMI to further analyze the association between socioeconomic factors and bariatric surgery. The results are presented in , none of the socioeconomic variables were associated with bariatric surgery, except for middle educational level in women. In those with BMI 30-39 kg/m 2 , women had higher HRs for low and middle family income and education. Those women who were single had a lower HR than those who were married/cohabiting. For men, the HR was significantly higher for low and middle education. The same analysis was conducted for individuals with BMI 35-39 kg/m 2 ; however, the results were almost unchanged compared to the results in Table 6 for BMI > 40 kg/m 2 (data not presented in tables). As an additional analysis, we included age as a confounder in Table 6 and the results remained almost identical.
The interaction test between bariatric surgery and BMI was performed considering the different individual characteristics. The interactions that were statistically significant are presented in the Additional files 3: Figure S1 and Additional files 4: Figure S2 . Except for marital status in men, we did not find a clear pattern in the potentially differential effects of SES on bariatric surgery. Thus, the clinical significance of these interactions is unclear. The effect of BMI on surgery for men was modified by marital status, i.e. those who were married had a higher rate of surgery. 
Discussion
The main findings of the present study are that socioeconomic differences exist between individuals who receive bariatric surgery in Sweden and those who do not. However, in severely obese individuals (BMI > 40 kg/m 2 ), these differences disappeared with the exception of women with middle educational level who had higher rates of surgery. Sweden has universal health care, which enable individuals with BMI > 40 kg/m 2 to receive publicly funded bariatric surgery. This might be the explanation to diminishing socioeconomic differences between individuals with BMI > 40 kg/m 2 . A study by Krajewski et al. showed that access to emergency operative care was related to SES in the United States where most individuals have private health insurance, whereas in Canada, with universal health insurance, no such relationship was found [22] .
In 2006, almost 1500 individuals underwent bariatric surgery in Sweden. According to previous estimations, there were 10,000-15,000 individuals who could be eligible for surgery [23] . This indicates that bariatric surgery access may not meet the demand due to factors beyond SES, such as prioritization in healthcare utilization.
We hypothesized that the potential effect of socioeconomic factors was higher for individuals with BMI < 40 kg/m 2 , who are not eligible for publicly funded bariatric surgery unless BMI is ≥35 kg/m 2 in addition to the presence of an obesity-related comorbidity. These individuals might receive bariatric surgery in case they are able to finance the surgery with their own financial resources. Nevertheless, the results of this study show that women with low and middle family income and education and men with low and middle education had higher HRs for bariatric surgery. This might be explained by the fact that we did not have access to all data concerning privately paid bariatric surgeries. It is possible that some inequality in SES exists for those with BMI < 40 kg/m 2 . In the present study, the HRs for bariatric surgery were higher for low and middle income and educational levels for women even when adjusted for BMI and the other variables. Similarly, the HRs for men were higher for low and middle educational groups even when adjusted for all other variables. These results complement findings from our previous study [10] where the HRs were higher for those with low and middle income and educational level. One limitation of our earlier study [10] was that we did not have access to BMI data, which was overcome in the current study. According to another Swedish study, the increase in obesity between 2000 and 2012 was steepest among those with a middle educational level and, in 2012, the prevalence of obesity was almost twice as high among those with a low or middle educational level compared with those with a high educational level [24] .
An Australian study showed that bariatric surgery rates were higher among those with higher SES [25] . In contrast, our earlier study indicated that individuals with high income and education underwent bariatric surgery to a lower extent, which we interpreted was due to the lower prevalence of obesity in this group. According to the current study, however, the HRs were also lower among those with a high income and educational level (for women) and those with a high educational level (for men), whereas the HR in men was lowest among those with a low income. This socioeconomic difference disappeared, however, when we examined those with a BMI > 40 kg/m 2 . The reasons behind our results are not possible to disentangle in the present study but some explanations behind the lower HRs for bariatric surgery among individuals with high SES are plausible. The first explanation is that those with high income may be able to pay for their surgery with private resources even if they are not eligible for publicly funded surgery according to national guidelines. Not all individuals that pay for the surgery with private resources might be included in our data. Another explanation is that those with a high income and/or education may have fewer comorbidities [26] , use alternative methods for weight reduction and/or are more aware of complications of surgery for why they opt out this alternative. Another explanation might be the time lag between the BMI measurement and the surgery, which could mean that those with a high education and/or income succeeded to lose weight and were therefore not eligible or in need of surgery. However, a Swedish longitudinal study showed that BMI increased in all age groups in Sweden between 1980 and 2005, even after controlling for education [27] . That study also showed that the largest increase in BMI 
Marital Status
• Married 1.00 1.00 1.00
• Single Cox regression analysis with univariate, adjusted for BMI, and multivariate models (the highest hazard ratios are in bold and underlined)
was in young and middle-aged individuals, which are the individuals included in the present study. It seems that the patterns of socioeconomic characteristics differ between men and women except for education, which shows a higher HR for surgery in the middle educational group for both men and women; this confirms the results of our previous study [10] . Differences in socioeconomic characteristics between men and women might be explained by several factors. Women usually get operated on at an earlier age [10] and might have other reasons for accepting/demanding the surgery such as cosmetic and fertility reasons whereas men usually undergo the operation later in life and perhaps mostly due to comorbidities. Both married/cohabiting men and women had a slightly higher HR for surgery. This may be due to the encouraging role of their spouses to get treatment for obesity. Several studies have shown a positive effect of marriage/cohabiting on health and longevity and these benefits of marriage may sometimes be higher for men than for women [28] .
Previous studies have shown significant disparities in socioeconomic characteristics between the severely obese population and the subgroup that actually receive bariatric surgery [9, 15, 29] . In countries with a private healthcare system, some of these variations might be explained by financial inequalities. However, in countries with a publicly funded system, no obvious reason for these disparities are apparent [30, 31] . Few studies have systematically analyzed the factors that cause the variation in receiving bariatric surgery. It is generally assumed that much of the variation is explained by socioeconomic barriers. An American study did not support this assumption; it instead emphasized the patients' perspective [32] . In that study, men were less likely than women and African Americans were less likely than Caucasians to have seriously considered bariatric surgery after accounting for sociodemographic factors. Having a lower ideal weight was also associated with having considered bariatric surgery, which partly explains the gender differences. Men may be less likely than women to consider bariatric surgery, which may be due to them being less concerned about the negative impact of extreme obesity on health [30] . A Chinese study showed that gluttonous behaviors were positively correlated with the acceptance level of bariatric surgery [33] . Physicians' recommendations were also a strong independent factor for patients considering bariatric surgery according to an American study [32] . This study also found that men and African Americans were less likely to be recommended bariatric surgery by their doctors. The results of the present study indicate that the Swedish healthcare system has achieved its goal of equal health care for the entire population regarding bariatric surgery, since those with BMI > 40 kg/m 2 were not affected by socioeconomic factors in their likelihood to receive surgery, and there was no strong association between socioeconomic characteristics and the rate of bariatric surgery. In addition, the socioeconomic differences favored those with a low and middle socioeconomic status rather than those with a high socioeconomic status.
Limitations and strengths
This study has some limitations. The most important limitation is the time lag between the BMI measurement and the obesity surgery, which means that we had no access to the BMI data at surgery (Additional file 2, Additional file 3). Information about SES was collected after 2005 and close in time to the bariatric surgery. However, SES could change over time and the impact of potential changes in SES on BMI during these years is therefore unclear. However, as mentioned above, previous research has found that BMI increased in all age groups in Sweden during the study period [27] and BMI early in adulthood is a good predictor of BMI later in life. It is also unclear how many in the BMI group 1-3 that actually became severely obese during the study period and thus eligible for surgery. For women, we only included the population that had a pregnancy, thus not including those who did not become pregnant. An additional limitation is that the women and men were not directly comparable as most men completed their military service between the ages of 18-20 years (96.5%) whereas the women's childbearing age was mainly between 18 and 39 years. Furthermore, pregnant women will likely have a higher BMI. Finally, socioeconomic variables cannot fully measure socioeconomic status. However, the limitations of this study are balanced by its strengths. To our knowledge, the current study is the first nationwide study that considers socioeconomic characteristics in relation to rates of obesity surgery, including levels of BMI. An additional strength is that we had access to a large database, which included all publicly funded surgeries, and the main purpose was to examine whether the publicly funded surgery is equally distributed, irrespective of socioeconomic status. Finally, both men and women were included in the study and analyzed separately. According to the Swedish National Board of Health and Welfare, only a small percentage of records (0.5-3.0%) of all infants are missing from the Swedish Medical Birth Register [34] . 
